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Abstract
As device dimensions shrink into the 0.25 Ilm regime and packing densities
increase, alternatives to the standard LOCOS process must be employed to achieve
suitable device isolation. Inherent problems such as lateral encroachment (bird's beak) and
thinning of oxides in small windows make LOCOS unsuita~le for submicron technology.
Based on the premise that thinning is caused by the compressive stresses in the
growing field oxide, this study exploits the stress relieving effects oftluorinated oxidation
to reduce the thinning and "bird's beak" effects observed in the PBLOCOS and PELOX
isolation stacks. The oxidation growth kinetics ofthe field oxides in window spacings as
small as 0.30 Ilm are reported and the cause ofthinning is can be understood by
considering the "concave" nature ofthe substrate in the field windows. A stress effect on
the initial stages offield oxidation is observed and linked to the nitride line width. In
addition, a simple and technologically efficient method to remove the nitride mask is
discussed.
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Chapter 1
Introduction
1.1 Background
Local Oxidation of Silicon (LOCOS) was developed in 1970 by Appels and Kooi1
to achieve isolation between devices. Their work is based on the premise that silicon can
be oxidized locally when a suitable masking material serving as a barrier to oxidation is
applied. They were able to demonstrate that chemical vapor-deposited (CVD) silicon
nitride films make excellent oxidation masks for the underlying silicon while itself
oxidizing at a very slow rate. The major drawback ofusing CVD silicon nitride directly
on silicon is the high tensile stress within the film which can be on the order of 1010
dyn/cm2• The termination of this stress at the film edges transmits a large alternating
tensile compressive stress to the underlying silicon substrate which can easily generate
dislocations.2,3 The use ofa thin pad oxide (20 to 60 nm) between the nitride film (75 to
200 nm) and the substrate to relieve the imposed stresses was first suggested by Bassous -
et al.4 The thicker the pad oxide the smaller the stresses, but the greater the degree of
lateral oxidation corresponding to the "bird's beak" length. Therefore, the thinnest pad
oxide which prevents the generation ofdislocations should be used. A schematic ofa
standard LOCOS structure is shown in Fig. 1-1.
2
Figure 1-1: Cross sectional schematic depicting the processing sequence of a standard
LOCOS isolation process. The schematic shows the "bird's beak" effect.
3
As device dimensions shrink into the submicron regime and device packing
densities increase, alternatives to the LOCOS process must be employed to achieve
s~itable device isolation. Inherent problems such as thinning5 and lateral encroachment
which is often referred to as the "bird's beak" effect make LOCOS unsuitable for
submicron technology. The length ofthe "bird's beak" depends primarily on the ratio of
pad oxide and nitride thickness, but also depends on oxidation time, temperature, and
oxidant partial pressure.6 For a typical 0.5 to 0.6 ~m field oxide, the length can be as
much as 0.5 ~m per side. The "bird's beak" effect has been the subject ofmany
investigations and many schemes have been proposed to reduce this lateral encroachment
while maintaining low defect densities such as SWAMI,7 SILO,8 and FUROX.9
Field oxide thinning becomes apparent within submicron sized window spacings.
The thickness ofa field oxide grown within a window less than O.5 ~m is significantly less
than one grown within a larger window. As the window size decreases, the field oxide
thickness decreases also. This leads to reduced field oxide threshold voltages and
increased interconnect capacitances. There are two opposing theories as to why this
occurs. Mizuno et al. 10 proposed that the major cause offield oxide thinning is due to
the limited availability of oxidants in the submicron field oxide windows. Since oxidation
is a function of oxidant diffusivity, if the supply of oxidizing species is limited in some way
oxidation will be suppressed. The effect becomes increasingly severe as the windows
become smaller. Lutze et al. 11 however believe that field oxide thinning is caused by the
compressive stress in the field oxide which arises from a mismatch in thermal expansion
4
coefficients as well as a lattice mismatch between the substrate and the film. In order to
reduce the thinning effect, the stresses must be relieved in some way.
1.2 Fluorinated Oxidation of Silicon
The addition ofa small percentage ofhalogens or halogen bearing species to the
oxidizing ambient during dry thermal oxidation of silicon has been shown to enhance
oxidation growth kinetics significantly. The species which have been frequently used
include hydrogen chlorine (HCI),12 chlorine (CIJ,13 nitrogen trifluoride (NF3),14 and silicon
tetrafluoride (SiF4).15 Fluorine has been shown to significantly reduce oxide stress as well
as increase oxide growth kinetics for oxide films grown by fluorine-enhanced thermal
oxidation of silicon using NF3as a fluorine source. 16 The mechanism by which the
incorporation-offluorine is believed to result in interface strain relaxation is related to a
fluorine induced oxide density reduction. A similar mechanism is believed to be
responsible for the observed oxidation rate enhancement by facilitating a higher bulk
diffusion rate ofoxygen during oxidation as well as by increasing the interface reaction
rate at the SiO/Si interface. Furthermore, additional beneficial effects resulting from the
use offluorinated oxide dielectrics in single crystal MOSFETs include improved hot
electron immunity,17 dielectric breakdown strength,18 and radiation response.19
1.3 Fluorinated Oxidation of Si3N4
The high oxidation resistance ofChemical Vapor Deposited (CVD) silicon nitride
5
during dry or wet oxidation makes it an excellent oxidation mask. The exact reason for
this oxidation resistance has been the subject of ongoing investigations. Tressler et al.zO-z3
have established several conclusions concerning the oxidation of silicon nitride which are
summarized as follows.
1. CVD silicon nitrides oxidized in a pure, dry oxygen ambient produce a duplex
oxide scale in the high temperature regime of parabolic oxidation consisting
.
of silica on top of an oxynitride on top ofthe nitride as shown in Fig. 1-2.
2. Molecular oxygen is the species that controls the oxidation scale growth
kinetics during the oxidation of Si3N4•
3. Little or no exchange reaction occurs between the permeating Nz and the SiOz
network.
4. The formation ofa structurally dense SizNP intermediate phase and the low
oxygen diffusivity in it must be responsible for the observed low oxidation
rate and high activation energy during the oxidation of dense and pure
5. The SizNp layer that forms is very thin and the ratio of its thickness to that of
the SiOz scale that forms is 1:9 at BOO°C as determined by ellipsometry.
Some ofthese conclusions have been corroborated as well as challenged. Ogbuji
et al.24,z5 have confirmed the existence of a dense oxynitride phase by cross-sectional
TEM but report a ratio of SizNp to SiOzranging from 1:24 to 1.2. Luthra
Z6 questions the
role of the SizNzO scale and asserts that the oxidation rate of silicon nitride is kinetically
6
Figure 1-2: Cross sectional view ofoxidized silicon nitride showing the oxynitride layer
sandwiched between the nitride and oxide. The ratio ofoxynitride thickness to oxide
thickness has been reported to vary between 1:24 to 1:2.
controlled by a mixture ofoxygen diffusion and int~rfacial reaction.
For temperatures above 1000°c, silicon nitride also shows significant resistance to
oxidation in a fluorine ambient (440 ppm NF3) but as the oxidizing temperature is reduced
to a range of 750°-950°C, an increased oxidation rate is obsePied27. The exact oxidation
mechanism ofthis system is not completely understood but has been shown to vary
according to fluorine concentration. U. S. Kim27 determined that these fluorine-oxidized
silicon nitride films were in fact amorphous Si-O-F-N films. As these films became more
fluorine rich, they were found to have a lower density and as oxidation temperature was
decreased the dielectric constants of these films also became lower in value. The unique
nature offluorinated oxidation of silicon nitride is extremely important in considering
7
fluorinated oxidation offield oxides. If a process calls for oxidation in the temperature
regime where the silicon nitride mask is susceptible to attack, the mask will be converted
to oxide. However, this mechanism can be used to intentionally remove the nitride mask
following field oxidation simply by reducing the temperature into that discrete temperature
zone mentioned above.
1.4 Objective
As device dimensions shrink into the submicron regime and packing densities
continue to increase, solutions to the thinning and bird's beak issue must be proposed to
achieve suitable isolation between devices. Several studiesll have been conducted which
propose that the thinning problem is caused by the compressive stresses in the field oxide
which slows the diffusion ofoxidants to the substrate. Other studieslO conclude that the
thinning effect is caused by a lack of oxidants in the small windows due to the geometry of
the narrow windows.
Fluorine has been demonstrated to not only reduce compressive stresses in oxide
films grown by fluorine-enhanced thermal oxidation of silicon using NF3 as a fluorine
source16 but also to increase the oxidation kinetics of silicon. If the compressive stress in
the field oxide is responsible for thinning, fluorine should significantly neutralize this
phenomenon by reducing that stress. Also, additions of fluorine to the oxidizing ambient
has been shown27 to oxidize silicon nitride in a discrete temperature range for a given
concentration ofNF3. This research addresses the potential ofusing fluorine to reduce
8
compressive stresses in the field oxide thereby suppressing the thinning problem. The
fluorinated oxidation kinetics ofthe small field regions in Polysilicon Buffered LOCOS
(pBLOCOS)9 as well as Polysilicon Encapsulated LOCOS (pELOX)28.29 isolation
structures are reported and a theory is proposed. This research also demonstrates a viable
alternative to dry etching and hot phosphoric acid etching to remove nitride oxidation
masks by employing the discrete nature offluorinated oxidation of silicon nitride.
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Chapter 2
Experimental Procedures and Analytical Techniques
2.1 General Overview
For the fluorinated PBLOCOS and PELOX experiments, all specimens were
oxidized in a fluorinated ambient consisting of200 ppm NF3 in Oz. All oxidation was
carried out in a conventional double hot wall quartz furnace with NF3 addition and N-type
(100) silicon controls were oxidized with all samples to verifY suitable oxidation
conditions. Chromium was evaporated on all samples prior to cross sectional examination
in the JOEL 6300 SEM. Low Pressure Chemical Vapor Deposited (LPCVD) silicon
nitride samples deposited at 880°C on a silicon substrate were oxidized in a fluorine
ainbient consisting of200 ppm NF3 and examined by ellipsometry.
2.2 Oxidation System and Procedure
Figure 2-1 shows a schematic ofthe oxidation furnace, which consists of a hot .
double wall quartz tube, a gas supply system, and a gas flow monitoring and controlling
system. Prepurified grade nitrogen gas purge flow to the processing tube was controlled
and monitored with a Brooks flowmeter R-2-15-D. Prepurified grade nitrogen gas
~O<3ppm, 0z<5ppm) flow to the furnace jacket was controlled and monitored with an
10
Figure 2-1: Schematic diagram ofThermco Mini-Brute oxidation furnace.
/
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Air Products flowmeter E29-M-150MMI. Extra dry grade oxygen gas flow was controlled
and monitored with an Air Products flowmeter E29-4-150MM3. The oxygen gas flow was
fixed at 1.65 l/min. The end fittings of the series 150 MM flowmeters are composed of
316 stainless steel and every standard tube is supplied both a stainless steel and a glass
float which allows a 20: I range ability. A millimeter scale is etched on each tube and
permits the derivation ofa calibration curve for any fluid for which physical properties are
known. Standard accuracy for etched tubes is 5% offull scale.
Nitrogen trifluoride (NF3) is a toxic, colorless, non-flammable compressed gas
whose reactivity is similar to that of oxygen at room temperature. The toxicity ofnitrogen
trifluoride is related to its capacity to form methamoglobin, a modified form of
hemoglobin incapable oftransporting oxygen, and its ability to destroy red blood cells
(hemolysis). No hazard from skin contact has been recognized. In this experiment,
diluted NF3 was used. 10.1% electronic grade NF3 in extra dry grade O2 gas .flow was
controlled and monitored by a UFC-8160 High Performance Mass Flow Controller
(MFC). This unit possesses such features as ultraclean, all metal (316L VIM/VAR Steel)
seals for superior performance in ULSI processes, high leak integrity (lxlO-10 atm-cc/sec),
no particles <0.1 J..lm in size, 4 microinch [0.10 J..lm] Ra surface finish, class 100 clean
room manufacturing environment, 400 msec-800 msec settling time to within 2% of
setpoint, optimized circuit design for stability, repeatability (+/- 0.15% full scale) and
accuracy (+/- I% full scale), and auto-zero. The valve (316L/K-M45/Nickel/304) position
in the MFC is downstream to subdue back pressure variation effects. The standard flow
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range is 2 sccm to 10 sccm and the control range is 2-100% full scale. A 20 pin to 15 pin
converter mating connector was used to link the output monitor (URS-40) to the MFC.
This connector was used to reduce noise. A flow of3.27 sccm ofdiluted NF3 was
maintained during oxidation. The MFC was purged with prepuriP.ed grade nitrogen for 10
minutes before and after use.
All flowmeters, MFC, and accessory equipment were calibrated and operated at
22°C. The gas back-pressure was fixed at 25 psig for all gases. The moisture content of
the exhaust gas was monitored using a model W electrolytic moisture analyzer. In the
model W, the moisture is absorbed from the gas stream flowing through the absorption or
electrolytic cell at a rate of 100 seem and, by virtue ofthe cell design with its associated
.circuitry, an electrolytic current is established. 6 ppm moisture concentration was
measured and maintained in the processing chamber while 8000 ppm moisture
concentration was measured and maintained in the furnace jacket. The nitrogen flow in
the furnace jacket was maintained constantly during operation as well as when the furnace
was not in use to prevent in-diffusion of moisture and exhaust gases were passed through
a desiccator and a silicon oil scrubber to avoid backstrearning. The addition ofNF3 to the
oxidizing ambient results in two competing processes occurring on the silicon surface.
One process enhances oxidation while the other etches the surface. The species
responsible for etching is lIF. Therefore, maintaining a very low concentration ofwater
/
vapor in the system is critical to fluorinated oxidation studies. A moisture content higher
than 10 ppm is detrimental. The oxidation furnace was always purged for 30 minutes
13













2.3.4 Kinetics
To insure the validity of the experimental results under the given processing
conditions, oxide kinetics calibration curves for (100) n-type silicon were generated and a
silicon control sample was oxidized with each experimental sample. The calibration curve
is presented in Figure 2-11 and in Figure 2-12. These calibration curves plot oxide
thickness as a function ofoxidation time for a range oftemperatures. The oxygen flow
rate was fixed at 1.65 lpm and the 10.1% NF3flow rate was fixed at 3.27 seem. It is
believed that deviations from these fixed flow rates would result in a state of
non-equilibrium and it would require an extended period at fixed settings to re-establish
equilibrium conditions. All oxide thickness measurements were made ellipsometrically.
2.3.5 SOLGAS
The concentrations ofthe various chemical species in the oxidation furnace under
fluorinated conditions have been reported by Jaccodine et ae l by using the SOLGAS
program.32 The SOLGAS program computes the partial pressures of all possible species
in equilibrium in a closed system. JANAF thermodynamic data (entropy, enthalpy),33 for
all species, initial concentrations of elements, stoichiometric coefficients, and temperature
were the input for the program. The temperature, total pressure, and mass were assumed
to remain constant. Jaccodine's3l results indicated that the formation of appreciable
amounts F and HF species were directly responsible for the observed enhanced oxidation
rate of silicon. Recently, the chemical·equilibrium program SOLGAS has been modified
27
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Figure 2-13: Equilibrium partial pressure in Q-N-F·H system as a function of
temperature as calculated by a modified SOLGAS program. (Total pressure = 1atm,
NF) =200 ppm, H2O = 6 ppm).
to stepwise simulate a semi-batch reactor.34 The calculations involve solving simultaneous
nonlinear equations which are constrained by the mass balance ofthe system.
Temperature, Gibb's free energies offormation,33 and initial concentrations of species
provided the input for the program. Similar assumptions are made in this modified
program. A large part of the data needed are coefficients used to calculate the free energy
offormation of different species. These coefficients may be stored in a group ofdata files
which the program can use. A data file for the species involved in fluorinated oxidation
was created and named HUMBO.DAT. The modified SOLGAS program was used to
determine the equilibrium concentration of species present in the fluorinated oxidizing
ambient at various temperatures. The input species concentrations in moles which
correspond to 3.27 ml10% NF3, 1.65 liters O2, and 9.9x10-6liters~O are summarized in
Table 2-3 and in Table 2-4.
Table 2-3: Input species concentrations used in modified SOLGAS program.
Species Liters put in
NF3 3.27xlO-4
O2 1.65
~O 9.9x10-6
These inputs correspond to 200 ppm NF3 and 6 ppm~O in O2, Figure 2-13 illustrates
the results for the stated conditions. The results are similar to those presented by
Jaccodine et al. 31 and the same conclusions can be derived. The presence ofeven small
amounts of~O affects the concentration ofthe active species and forms an appreciable
29
concentration ofHF and the HF partial pressure varies little with temperature.
Table 2-4: Corresponding species input molar concentrations.
Element Moles put in
0 1.47xl0-1
F 4.379x10·5
N 1.46x10·5
H 8.839x1O·7
2.4 Ellipsometry
Ellip~ometry was used to determine the thickness and refractive index offilms. A
Rudolph Research Auto EL-II ellipsometer with a helium-neon laser was used. The
wavelength associated with a helium-neon laser is 632.8 nm and the incident angle was
fixed at 70°. The measured delta and psi values ofthe thin rums are converted into
corresponding thicknesses and refractive indices by a HP-85 microcomputer. Built-in
programs allow single rum as well as dual rum conversions. For single films, program #10
calculates both refractive index as well as film thickness while program #11 calculates film
thickness if refractive index is entered.
The two film programs allow the calculation ofthe upper rum thickness ifthe
refractive index and film thickness of the lower film is known. Program #20 allows the
calculation ofboth upper film thickness as well as refractive index if an initial guess of the
upper film refractive index is provided. In many instances, this program provides
erroneous results depending on the initial guess provided. Multiple results may be
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obtained by varying the initial guess. Program #21 allows the calculation ofthe upper film
thickness ifthe upper film refractive index is known. However, if the refractive index
varies with film thickness, errors may result. Alternative methods oftwo film
measurements should be employed to confirm any results obtained by ellipsometry.
Alternative (methods include using an alpha step profilometer, angle lapping and staining,
cross sectional SEM, and cross sectional TEM.
2.5 Sample Preparation
2.5.1 PBLOCOSIPELOX
The PBLOCOS ·and PELOX isolation structures were oxidized in a fluorinated
oxidizing ambient and examined in cross section in a JOEL 6300 SEM. Figure 2-14
schematically describes the procedure that was employed. The PBLOCOSIPELOX
isolation structures were cleaned and oxidized under fluorinated conditions at various
temperatures and times. A silicon control sample was cleaned and oxidized in conjunction
with all PBLOCOSIPELOX samples. Ellipsometry was then used to confirm the resulting
oxide thickness on the control as well as on the PBLOCOSIPELOX sample at a location
where no structures were present. Program #11 was used to calculate both refractive
index as well as oxide film thickness. The resulting refractive index of 1.46 confirmed that
no isolation structures were present or had affected theellipsometric measurement in any
way. The oxide thickness ofthe control was always within 5% of the oxide thickness
measured on the PBLOCOSIPELOX sample.
31
IELLIPSOMETRY I
PBLOCOSIPELOX
RCA CLEAN
FLUORINATED
OXIDATION
CHROMIUM
DEPOSITION
!
CLEAVE
ETCH
2-4 minutes
MOUNT
1
SEM
Figure 2-14: Flow chart depicting the PBLOCOSIPELOX sample preparation sequence
employed.
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Figure 2-15: illustration depicting a mounted PBLOCOSIPELOX sample ready for
cross sectional examination in the SEM.
33
A thin film of chromium was deposited on the PBLOCOS sample using a tungsten
evaporator at a pressure of 2xl 0.5 Torr. Chromium pieces were placed in a tungsten wire
basket which was placed in contact with the electrodes. The wire basket was not
tightened in place to avoid stress induced fracture. The basket was merely allowed to
make a snug contact with the electrode. This technique allowed the same tungsten wire
basket to be used multiple times without failure. Following evaporation, the sample was
cleaved perpendicular to the isolation lines using a diamond scribe and etched in 15:1 HF.
The etching time varied between 2 to 4 minutes. A2.5 minute etch resulted in the optimal
results. It produced good contrast along with a high yield of non-collapsed isolation
regions. The sample was rinsed carefully once and allowed to air dry. The sample was
then vertically mounted on an aluminum SEM stub which had a channel cut across the
surface. The sample was placed into the channel and glued there with carbon cement.
Figure 2-15 illustrates the sample mounted on the aluminum stub. The sample should tilt
slightly towards the chromium surface and should be placed in the SEM such that the
chromium face points away from the detector. This minimizes interference from
backscattered electrons originating from the chromium face.
2.5.2 Fluorinated Oxidation of Si3N4
LPCVD silicon nitride (110 nm on a silicon substrate) samples were oxidized
in a fluorinated oxidizing ambient consisting of200 ppm NF3 in 02 at various temperatures
for varying lengths oftime. Figure 2-16 shows the sequence followed determining film
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Figure 2-16: Flow chart illustrating the LPCVD sample preparation and measurement
technique.
3S
thicknesses. Ellipsometry was used to determine the psi and delta values associated with
the two films formed. The formation ofthe oxynitride layer was ignored in ellipsometric
calculations. The oxide layer was then etched for 15-20 minutes in 100:1 lIF. The etch
rate of Si02 in 100:1lIF is 6 nm/min while the etch rate ofLPCVD silicon nitride
deposited at 880°C is 0.1 nm/min. Ellipsometry was then used to determine the psi and
delta values associated with the nitride that was left after oxidation. Program #11 was
used to determine both nitride thickness as well as the refractive index. A refractive index
of2.022 confirmed that all the oxide had indeed been etched off The lower film data in
conjunction with the psi and delta values associated with the two films was used to
determine the upper film thickness and refractive index. Where possible, program #20
was used. An alpha step profilometer was used to confirm results. The alpha step was
not useful in cases where surface roughness was severe. The accuracy associated with an
alpha step measurement is +/-5 nm.
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Chapter 3
Results and Discussion
3.1 Fluorinated PBLOCOS
3.1.1 Experimental
For these experiments, Polysilicon Buffered LOCOS (pBLOCOS) isolation stacks
shown in Figure 3-1 were oxidized in a NF3 bearing dry oxidizing ambient at 1000°C and
1050°C. The oxidizing ambient was composed of200 ppm NF3 in O2, The water vapor
concentration was. mopitor~d and held to 6 ppm. The concentration of NF3 was held
fixed at 200 ppm for these experiments since Kouvatsos et al. 16 reported a saturation
effect at above 100 ppm NF3 in which increased concentrations resulted in minimal further
stress reduction for a given temperature. The top view ofthe isolation mask in Figure 3-2
indicates that the mask was composed ofvarious sets oflong thin lines in which the field
oxide window spacing varied within each set while the nitride line width varied between
sets. The window spacings were as small as 0.30 J..lm. The samples were cleaved and
examined in cross section using a JOEL 6300 SEM to determine field oxide thickness and
bird's beak length.
Oxide thicknesses in the small windows were normalized by the oxide thickness
measured in a window greater than 6 J..lm in width to avoid errors due to tilt and all oxide
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Figure 3-1: Cross sectional view ofPBLOCOS isolation stack as received depicting
such features as nitride line width and window spacing.
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Figure 3-2: Top view ofPBLOCOS isolation stacks illustrating various sets of nitride
lines. The nitride line width varies between sets while the window spacing varies within
the sets.
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thicknesses were measured in the center of the window which mayor may not correspond
to the thickest point. Figure 3-3 depicts the fluorinated PBLOCOS isolation structure.
An average bird's beak length for a given stack was measured by taking the nitride width,
subtracting the polysilicon width and dividing by two according to the equation
B=N-P
2
where B is the bird's beak length, N is the nitride mask width, and P is the polysilicon
width. The ellipsometric oxide thickness was compared to that measured in the cross
sectional SEM and it was determined that tilting accounts for an error on the order of
+/-20 om.
3.1.2 Results and Discussion
For a 30 minute flourinated oxidation ofa PBLOCOS isolation structure at
1000°C, Figure 3-4 shows a plot of normalized field oxide thickness as a function offield
oxide window spacing for various nitride widths ranging from 2.60 J..lm to 0.60 J..lm. 74
om offield oxide was measured at a window spacing greater than 6 J..lm. This data is
significant in two ways. First, it shows that the nitride line width effects the initial field
oxide growth kinetics. Second, it shows a significantly increasing trend where one would
expect a decreasing or at least a planar trend as the window spacing approaches 0.30 J..lm.
In the case where the nitride width is 2.60 J..lm and window spacing is 0.30 J..lm, the oxide
thickness is thicker than that measured at a window spacing greater than 6 J..lm by a factor
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Figure 3-3: Cross sectional view ofoxidized PBLOCOS isolation stack depicting such
features as bird's beak length, nitride line width, field oxide thickness, an(j window
spacing.
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of 5.2. Figure 3-5 shows the same data plotted as a function ofnitride line width rather
than window spacing. The curves indicate field oxide thickness depends logarithmically
on nitride mask width in the early stages offluorinated oxidation and the smaller the field
oxide window, the greater the effect of the nitride width on the field oxide thickness.
Figures 3-6 (a-b) show the resulting field oxides for window spacings of0.4611.m and 0.31
/..lm respectively for a nitride line width of 1.70 /..lm. These micrographs indicate that there
is a contribution to the total oxide thickness not only from oxidized silicon substrate but
also from the oxidized polysiliconalong the edges in the form of "crab eyes"35 which
results in a non-uniform field oxide topography. 0.10 /..lm ofthe polysilicon was oxidized
on each side of the isolation structure after 30 minutes offluorinated oxidation and no
dependence on window spacing or nitride line width was observed. As the nitride line
width approaches 0.40 /..lID, the isolation is displaced upward as the bird's beaks interact
and the active area is lost. An example ofthis is depicted in Figure 3-7. As the window
spacing approaches 0.30 /..lm, the oxidized polysilicon contributes a greater proportion to
the total field oxide thickness and results in a more convex oxide topograghy. It should
also be noted that as the window spacings become narrow the silicon substrate becomes
increasingly concave.
After 4 hours offluorinated oxidation, the field oxide growth in the small window
spacings becomes suppressed while the field oxide growth in the larger window spacings
is maintained. Normalized field oxide thickness is presented as a function ofwindow
spacing in Figure 3-8. The oxide thickness at a window spacing greater than 6 /..lm was
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Figure 3-6: SEM micrograph ofthe PBLOCOS isolation stacks viewed in cross section
after 30 minutes offluorinated oxidation at 1000°C. 74 nm offield oxide was measured at
a window spacing greater than 6 Ilffi. The nitride line width is fixed at 1.70 Ilmwhilethe
window spacing is (a) 0.46 Ilm and (b) 0.31 Ilm. The field oxide thickness was measured
to be 227 nm and 329 nm respectively.
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Figure 3-6: SEM micrograph of the PBLOCOS isolation stacks viewed in cross section
after 30 minutes of fluorinated oxidation at 1000°C. 74 om offield oxide was measured at
a window spacing greater than 6 !Jm. The nitride line width is fixed at 1.70 !Jm while the
window spacing is (a) 0.46 !Jm and (b) 0.31 !Jm. The field oxide thickness was measured
to be 227 nm and 329 nm respectively.
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Figure 3-7: SEM micrograph ofPBLOCOS isolation stack elevation due to the bird's
beak interaction. The isolation structures are displaced vertically and the active area is
lost.
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Figure 3-7: SEM micrograph ofPBLOCOS isolation stack elevation due to the bird's
beak interaction. The isolation structures are displaced vertically and the active area is
lost.
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measured to be 262 nm. In the constricted areas, the field oxide thickness is as much as
1.8 times thicker than the oxide in the unconstricted areas. The nitride line width does not
appear to playa significant role in the oxidation kinetics after 4 hours and all the data
points corresponding to various nitride line widths are merged into a conglomerate. 0.13
~m ofthe polysilicon buffer layer was oxidized on each side ofthe isolation structure and
all the field oxides have developed at least a planar topography with the field oxides in the
smaller windows exhibiting less pronounced "crab eyes." As the nitride line width
approaches 0.60 ~m, the isolation structures is displaced upwirrd.
0.16 ~m ofthe polysilicon buffer layer was oxidized on each side of the isolation
structure after 16 hours offluorinated oxidation and the elevation of the isolation structure
becomes evident at a nitride line width less than 0.80 ~m. This elevation phenomenon
correlates directly to the bird's beak length and as the bird's beak length increases the
elevation of the isolation structure occurs for larger nitride line widths which intuitive
follows. Figure 3-9 illustrates this correlation. Figure 3-10 shows bird's beak length as a
function oftime. The initial lateral encroachment is serious but the effect tapers of
dramatically and after 16 hours only an additional 0.06 ~m of the polysilicon buffer has
oxidized on each side ofthe isolation structure. The nitride line width has little effect on
the field oxide thickness after 16 hours offluorinated oxidation however and similar to the
4 hour fluorinated oxidation, there is no discrete distinction between varying nitride line
widths. The trend observed for the 4 hour oxidation is continued and the thinning effect
becomes most evident. This is illustrated in Figure 3-11 which plots field
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oxide thickness as a function ofwindow spacing for a 16 hour fluorinated oxidation. The
field oxide thickness for a window spacing greater than 6 I..lm was measured to be 552 nm.
As the window dimension shrinks, the field oxide thickness increases and maintains that
thickness for window spacings ranging from at least 1.40 I..lm to 0.65 I..lm and then begins
to decrease. Thinning becomes rather significant in the smaller window spacings and the
data strongly resembles the data presented by Lutze et al. 11
Figure 3-12 depicts oxide thickness as a function ofwindow spacings for various
oxidation times with the nitride line width fixed at 0.95 I..lm. The data clearly shows that in
the initial stages offield oxidation there is an enhancement in the oxidation rate in the
small windows but as the oxidation proceeds the effect tapers off and thinning becomes
apparent. The field oxide in the large windows continues to grow while the field oxide
growth is stagnated in the small windows. At the 4 hour mark the field oxide thickness
appears uniform in a window spacing range of 0.60 I..lm to 0.30 I..lm but for window
spacings larger than 0.60 I..lm the oxide thickness decreases. For the given isolation stacks
and processing conditions, 4 hours offield oxidation yields the optimal field oxide
thickness in the small windows and any further oxidation will result in minimal field oxide
growth in these windows.
Figure 3-13 presents oxidation thickness for various window sizes as a function of
time for a fixed nitride line width (0.95 I..lm). The initial oxidation in the 0.30 I..lm window
is very rapid but the growth rate quickly subsides as the oxide thickness approaches the
window spacing dimension. As the window dimension increases, the initial oxidation rate
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is suppressed and the thinning effect is delayed. It is evident from Figure 3-13 thatthe
onset ofthinning occurs when the oxide thickness approaches the size of the window
spacing. If the lack ofoxidants in the submicron field windows was responsible for
thinning, the effect would be apparent from the initial stages ofoxidation but this is not the
case. These kinetics imply that a diffusion limiting mechanism is responsible for thinning.
Recently, V. Senez et al. 36 modeled stress at the Si/Si02 interface for PBLOCOS
isolation stacks using calibrated viscolelastic stress analysis. The PBLOCOS isolation
structure is displayed with its pressure distribution, exhibiting a high compressive peak
under the edge ofthe structure in the active region and high tensile peaks on either side of
the compressive region. The tensile peaks correspond to the to the tip ofthe IIbird's beak"
and to sloping edge ofthe field region. These stresses are shown in Figure 3-14 where the
dark areas represent compressive peaks and the lighter shaded areas represent tensile
peaks. It is believed that as the window spa~ings decrease in lateral dimension, the tensile
areas associated with the sloping edge interact yielding a highly tensile region in the field
oxide window which is shown. The work on high pressure physics37•38 has shown that
kinetic properties such as solubility and diffusivity are functions ofpressure and it has been
demonstrated that both diffusivity and solubility decrease under high pressure. However,
there is no data available for these activated processes under tension, and no direct
measurement ofthe diffusivity or solubility of oxygen and steam in Si02 under pressure.
As postulated by Kao et al.,39 the diffusivity and solubility ofthe oxidants in Si02 are
decreased by pressure and increased by tension. This assumption indicates that the tensile
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region oxidizes quickly in the presence of small amounts offluorine with maximum
oxidation occurring at the center offield region ~hich corresponds to the theoretical point
of maximum tensile stress in the substrate. In addition, as the nitride line width is
decreased there is a reduction in the stress fields beneath as well as around the isolation
stack which results in the reduction ofthe initial oxidation rate as observed and field oxide
thickness shows a logarithmic dependence on nitride line width (Figs. 3-5). The reduced
stress beneath narrow nitride stacks as discussed by S. Jones et al.40 results in a final stress
relaxation by the neighboring bird's beaks linking to displace the whole nitride structure
upwards, losing all active area (Fig. 3-7). As the field oxidation proceeds, the substrate in
the smallest windows takes on a concave nature and thinning is observed.
In a "concave" structure, there is a lower concentration ofoxidant at the Si/Si02
interface because of the reduced exposure to the ambient and oxidation at these surfaces
are more diffusion dependent. The rate at which new oxide forms at the interface can no
longer be described by simple linear parabolic constants but rather the growth rate is a
logarithmic function ofthe radii of the silicon and the oxide surfaces which in turn are time
dependent. The diffusion term begins to dominate when the oxide thickness becomes
comparable to the radius of curvature. This reasoning has been discussed and verified by
D. Kao et af.39 As the substrates in larger and larger windows take on this concave
curvature they also begin to show evidence ofthinning. The fact that after 4 hours of
fluorinated oxidation the field oxide thickness does not depend on nitride width and that
the addition offluorine had little effect in differentiating the resulting thinning curve from
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that observed after wet oxidationll indicates that the resulting thinning effect is highly
dependent upon the geometry ofthe oxidized substrate and the stresses associated with
that geometry. As the temperature is increased, less thinning is observed because ofthe
enhanced diffusion. Reducing the stresses associated with the concave substrate and the
growing oxide prolongs the onset of thinning but does not eliminate it.
3.2 Fluorinated PELOX
3.2.1 Experimental
PELOX isolation stacks shown in Figure 3-15 were oxidized in a NF3 bearing dry
oxidizing ambient at various temperatures. The oxidizing ambient was fixed at 200 ppm
NF3 in O2, The water vapor concentation in the furnace was held at 6 ppm.
The samples were cleaved and viewed in cross section in a JOEL 6300 SEM. The
oxide thickness in the small field windows was normalized by the oxide thickness
measured in a window greater than 6 J.l.m in width to avoid tilting induced errors. All
oxide thicknesses were measured in the center of the window.
In these samples unlike the PBLOCOS samples (Fig. 3-2), the nitride line width as
well as field oxide window spacing varied within sets and each set was the same. The
nitride line width was roughly comparable to the field oxide window spacing adjacent to it.
3.2.2 Results and Discussion
250 nm offield oxide was grown at various temperatures in a fluorinated ambient.
Figure 3-16 shows a plot ofnormalized oxide thickness as a function ofwindow spacing
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for PELOX isolation stacks oxidized at 850°C, 900°C, and 1000°C. For nitride line widths
as well as field oxide window spacings less than approximately 0.43 J.LIll, elevation of the
isolation stacks was observed. Almost no thinning is observed for window spacings
greater than 0.43 J.Lm and there is little distinction between oxidation at different
temperatures.
Figure 3-17 plots encroachment,~ a function ofwindow spacing and it is evident
that as the temperature is increased the degree of lateral encroachment also increases.
This effect is attributable to the enhanced diffusion ofoxidants at higher temperatures. As
time progresses, the degree of lateral oxidation will increase slightly.
3.3 Fluorinated Oxidation of Si3N4
3.3.1 Experimental
Since the nitride isolation mask is susceptible to oxidation in the presence ofNF3
bearing oxidizing ambients,27this experiment included a study of the oxidation kinetics of
LPCVD silicon nitride. This research is focused on the degradation of silicon nitride due
to the exposure to a fluorinated oxidizing ambient. The oxide that forms as a result of
oxidation of silicon nitride is believed to be composed ofmultiple scales thus forming a
complicated layer. No characterization ofthe oxide scales was attempted or reported.
110 nm LPCVD silicon nitride was deposited at 880°C on a silicon substrate. These
samples were oxidized in an oxidizing ambient consisting of200 ppm NF3 in O2with the
oxidizing temperature varying from 700°C to 1100°C for various times.
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3.3.2 Results and Discussion
Figure 3-18 depicts the oxide thickness that formed on the nitride as a function of
time for temperatures ranging from 7000e to 1100oe. Again, multiple oxide scales were
not considered. To avoid errors associated with this phenomenon, the nitride thickness
left after the HF etch which is used to remove the multiple oxide scale is plotted as a
function of time in Figure 3-19. In the range of lOoooe to l100oe, no significant
oxidation occurs for at least 16 hours. In the range of 7000e to 950oe, a maximum in the
oxidation growth rate occurs at around 850oe. This maximum in the oxidation rate which
corresponds to the minimum nitride left after the etch is better depicted in Figure 3-20
which shows nitride thickness left as a function oftemperature for times ranging from
0-120 minutes. At high temperatures, it is believed that a structurally dense oxynitride
interlayer similar to that reported by Du et al.zG-n and Ogbuji et al.24,25 forms between the
nitride and oxide and effectively serves as a diffusion barrier. At low temperatures, the
oxynitride layer either does not form, the fluorine in the system breaks it down easier, or
the interlayer is less effective as a diffusion barrier. The diffusivity ofoxidants however
follows an Arrhenius relation and diffusion becomes the limiting condition at low
temperatures. These two competing processes result in the observation ofa local
maximum in oxidation rate at roughly 8500e for the given conditions. Although no etch
rates have been determined experimentally, the oxides that form under the given
conditions etch very quickly relative to the SiOz that forms on Si.
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3.4 Nitride Mask Removal by Fluorinated Oxidation
3.4.1 Experimental
Given that fluorinated oxidation of silicon nitride occurs preferentially in a discrete
temperature range for a given NF3 concentration, it is shown that in a Polysilicon
Encapsulated LOCOS (PELOX) isolation stack (Fig. 3-15) it is possible to remove the
nitride mask and any residual polysilicon that may be left after field oxidation by exposing
the nitride mask to the fluorinated oxidizing ambient within a suitable temperature range
and NF3 concentration. PELOX stacks were oxidized at 850°C with 200 ppm NF3 in O2
for 12 hours to form a thick field oxide (250 nm). The samples were then etched 5
minutes in 100:1HF to remove the oxidized polysilicon encapsulation layer and to expose
the underlying silicon nitride to the oxidizing ambient. The samples were oxidized at
850°C for 3 hours followed by a 15 minute etch in 100:1 HF to remove the oxidized
nitride as well as any oxidized polysilicon. The samples were cleaved and examined in
cross section in a JOEL 6300 SEM. To show that the polysilicon layer encapsulating the
nitride mask served merely as a buffer to the oxidation of the nitride by impeding the
diffusion of oxidizing species to the nitride surface, the PELOX isolation stack was
oxidized for 36 hours at 850°C with 200 ppm NF3 in 02 and ex8.mined in cross section.
3.4.2 Results and Discussion
A sample containing PELOX isolation structures was oxidized in a fluorinated
ambient for 12 hours at 850°C and the result is shown in Figure 3-21. A thin (30 nm)
62
oxide encapsulates the nitride mask. This oxide (buffer) corresponds to the oxidized
polysilicon encapsulating layer. Unoxidized polysilicon caps remain unoxidized under the
nitride mask. The encapsulating polysilicon layer delayed the nitride fluorinated oxidation
reaction at least 12 hours and the nitride appears unoxidized. The buffer layer was
removed with a 5 niinute etch in 100: 1HF and exposed to the fluorinated oxidizing
ambient under the same conditions for 3 additional hours. The sample was then etched for
15 minutes in 100:1 HF to remove the oxidized nitride mask and oxidized polysilicon caps.
The resulting structure is shown in Figure 3-22. This micrograph clearly illustrates that
the nitride mask was removed by the oxidation-etch sequence and the field oxide and pad
oxide remain intact.
To demonstrate that the polysilicon encapsulating layer serves as a temporary
barrier to nitride oxidation, the PELOX isolation structure was oxidized in a fluorine
.ambient for 36 hours at 850°C and examined incross section (Fig. 3-23) without any etch.
The microgragh shows that the nitride mask as well as any residual polysilicon have been
oxidized completely under the given conditions. Clearly, a 36 hour oxidation was not
necessary since some of the substrate has also been oxidized in the process which is
counterproductive but this clearly demonstrates that the polysilicon can be used as a
timing mechanism for nitride removal. By varying the polysilicon encapsulating thickness,
one could determine the length oftime the nitride would serve as an effective oxidation
mask and after that given time had elapsed oxidation of the nitride mask would commence
given that one was oxidizing at 850°C the entire time or at least in the temperature regime
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Figure 3-21: SEM micrograph showing the cross sectional view ofa PELOX isolation
structure after a 12 hour fluorinated oxidation at 850°C.
Figure 3-22: SEM micrograph showing the cross sectional view ofa PELOX isolation
structure after a 12 hour fluorinated oxidation at 850°C a 5 minute etch in 100:1 HF, 3
hours ofadditional fluorinated oxidation, and a 15 min~te etch in 100:1HF.
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Figure 3-21: SEM micrograph showing the cross sectional view of a PELOX isolation
structure after a 12 hour fluorinated oxidation at 850°C.
Figure 3-22: SEM micrograph showing the cross sectional view ofa PELOX isolation
structure after a 12 hour fluorinated oxidation at 850°C, a 5 minute etch in 100: 1 HF, 3
hours of additional fluorinated oxidation and a 15 minute etch in 100:1 HF.,
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Figure 3-23: SEM micrograph showing the cross sectional view ofa PELOX isolation
structure after a 36 hour fluorinated oxidation at 850°C.
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Figure 3-23: SEM micrograph showing the cross sectional view of a PELOX isolation
structure after a 36 hour fluorinated oxidation at 850°C.
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where Si3N4 is susceptible to oxidation.
If the isolation structure does not have an encapsulating polysilicon layer as in the
case ofthe PBLOcOS structure, the initial field oxide growth would have to take place at
a temperature above 1000°c. By reducing the temperature below 950°C, oxidation ofthe
nitride mask would commence immediately and with a quick etch the oxidized nitride and
oxidized polysilicon could be removed. Flow charts depicting nitride mask removal for
polysilicon encapsulated and non-polysilicon encapsulated are presented in Figures 3-24
and 3-25 respectively. In Figure 3-24, several sequences may be employed since the
polysilicon encapsulating layer impedes the oxidation ofthe nitride. The field oxide can be
grown in a temperature range of700-950°c or 1000-1 100°C. If the field oxide is grown
at 700-950°c, the field oxide grows first and then after a certain time determined by the
encapsulating polysilicon thickness the nitride mask begins to break down (oxidize). Ifthe
time interval is too long, the oxidized polysilicon may be removed with a 5 min etch in
100:1 lIF. Further oxidation at 700-950°C will result in immediate degradation or
oxidation ofthe nitride mask.
Given that most processing involves an HF deglaze or etch to remove oxides from
the nitride surface or to cut back on the field oxide thickness to achieve planarity, this
process eliminates the need for dry etching or hot phosphoric acid etching ofthe nitride
mask without any additional processing steps. This process is very cost effective and
compatible with existing technology.
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Polysilicon Encapsulated
Stacks e.g. PELOX
!
00:1 HF
polysiIicon
dation
C
orinated oxidation
1000-1100 C
fluorinated oxidation flu
700-950 C
1 1
5 minute etch in 1
to remove oxidized
! ~
fluorinated oxi
at 700-950
~Ir 1
15 minute etch in 100:1 HF
to remove oxidized nitride
1
final structure
Figure 3-24: Flow chart depicting processing sequence for nitride mask removal of
polysilicon encapsulated isolation structure using fluorinated oxidation.
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Non-Polysilicon Encapsulated
Stacks e.g. PBLOCOS
1
fluorinated oxidation
1000-1100 C
1
fluorinated oxidation
at 700-950 C
1
15 minute etch in 100:1 HF
to remove oxidized nitride
1
final structure
Figure 3-25: Flow chart depicting processing sequence for nitride mask removal of
non-polysilicon encapsulated isolation structure using fluorinated oxidation.
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Chapter 4
Conclusion
4.1 Conclusion
By determining the field oxide growth kinetics for PBLOCOS isolation stacks, it
was demonstrated that field oxide thinning is primarily defined by the "concave" nature of
the oxidized silicon substrate and the stresses associated with the geometry. The stresses
in the substrate imposed by the isolation structure around the field region determines and
affects the initial oxidation kinetics of the field oxide. By increasing the initial oxidation
kinetics in the narrow field windows by either increasing tensile stresses in the substrate or
reducing the compressive stresses in the oxide, the thinning effect can be suppressed but
not eliminated. The minimum nitride line width that can be used for the isolation ofactive
areas was shown to correlate directly to the bird's beak length and the bird's beak growth
was presented as a function of time.
The PELOX isolation stacks were shown to be effective isolation masks for nitride
line widths greater than 0.43 J..lm. The thinning curves implied that the degree ofthinning
was not dependent on temperature. Temperature however was significant in determining
the degree oflateral encroachment. For the PELOX isolation stacks, a low temperature
should be used to grow the field oxide since it supresses the degree oflateral
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encroachment.
By employing fluorinated oxidation of silicon nitride data and the discrete nature
associated with the kinetics, a simple nitride mask removal process was described which is
not only cost effective but also compatible with existing semiconductor technology.
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Appendix A
Fabrication Sequence for MOS Capacitor
I. Photoresist and UV Light
1. Starting material
2 inch, n-type (100) silicon wafer, 5-10 O-cm
2. Fluorinated oxidation
RCA clean
fluorinated oxidation, 1000°C, 30 minutes, 50 nm
3. Metallization
Aluminum deposition
apply photoresist: define gate area
etch AI: PAN etch, 45°C, 3 minutes
strip PR: PRS-2000
anneal: PMA, 450°C, forming gas (H/N2' 1:5)
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ll. Physical Mask
1. Starting material
2 inch, n-type (100) silicon wafer, 5-10 Q-cm
2. Fluorinated oxidation
RCA clean
fluorinated oxidation, 1000°C, 30 minutes, 50 nm
3. Metallization
Aluminum deposition
anneal: PMA, 450°C, forming gas (H/Nz' 1:5)
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AppendixB
Fluorinated Oxidation of Silicon Carbide
Silicon carbide possesses properties such as wide-bandgap, high breakdown field,
high thermal conductivity, high electron drift velocity, excellent thermal stability, and good
radiation resistance which makes it particularly attractive for applications such as high
temperature instrumentation and control, power control, and microwave radar and
communications. SiC occurs in many different crystal structures which are referred to as
polytypes. Each polytype possesses different electrical as well as optical properties. The
two most common polytypes are 3C-SiC, a cubic structure with a bandgap energy of2.2
eV, and 6H-SiC, a hexagonal structure with a bandgap energy of2.9 eY. 3C-SiC has
some material properties which are better than 6H-SiC but because no growth technique
has been developed to obtain semiconductor device quality single crystal 3C-SiC on
suitably large substrates efforts have focused on heteroepitaxial growth oDC-SiC layers
on silicon.
A major disadvantage in the use of SiC for semiconductor applications is the low
oxidation rate. It is generally accepted that the permeation ofmolecular oxygen through
the oxide is the rate-limiting step for oxidation below 1400°C. The lower growth rates for
SiC compared to Si can be attributed to the additional consumption ofoxygen to form
carbon dioxide when SiC is oxidized41,42,43 according to the chemical
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equation give by
202(g) + SiC(s) ----> Si02(s) + COig).
Tressler et a/.42,43 confirmed this hypothesis by varying the partial pressure of oxygen
during oxidation. It was determined that molecular oxygen contributes most to oxidation
at temperatures below 1400°C and ionic oxygen diffusion contributes more to the
oxidation at temperatures above 1400°C.
Opposing theories however have been proposed44,45.46,47 which hypothesize that the
out-diffusion ofcarbonaceous species such as CO(g) and COig) is the rate controlling
step for the oxidation ofSiC. This theory is based on the large activation energy values
(250-500 kJ/mol)44,45,46 or the presence ofbubbles observed in the oxide formed on ..
sintered polycrystalline silicon carbide.47 At temperatures above 1400°C, alternative rate
controlling mechanisms have been proposed based on the observed increase in activation
energy.43,44,48
Based on the premise that fluorinated oxidation increases the oxidation rate of
silicon, the objective of this study is to determine the fluorinated oxidation kinetics of SiC
at low temperatures (lOOO°C -1 100°C). In this experiment, pieces ofp-type 3C-SiC (slow
face) wafers with substrate doping of lxl018 and an epi doping of lxl016 were oxidized in
a double wall oxidation furnace in an oxidizing ambient consisting of200 ppm NF3and 6
ppm~O in 02' The samples were cleaned prior to oxidation according to a modified
RCA cleaning procedure.28 Oxide thickness was measured by ellipsometry using program
#13 to translate the determined psi and delta values. Program #13 requires the input of
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the complex index of refraction ofthe substrate (2.6 - 0.05i)49 and refractive index of the
oxide (1.45).
Oxide thickness is plotted as a function of oxidation time in Figure B-1 for SiC
samples oxidized in a fluorinated ambient at 1000°C and 1100°C. The results indicate a
significant difference in oxide thickness between the two temperatures. At 1000°C, 10 nm
ofoxide was measured after 17 hours ofoxidation. At 1100°C, 23 nm of oxide was
measured after 6 hours of oxidation. In Figure B-2, the natural log ofoxide thickness is
plotted as a function of the natural log ofoxidation time for the sample oxidized at
1100°C. Ifthe kinetics follow a parabolic law then the slope of the linear fit curve should
be 1/2. If the slope is 1 then the kinetics follow a linear growth law. The slope was
determined to be 0.78 which implies that the kinetics follow a mixed interface
reaction/diffusion limited growth rate. Figure B-3 depicts a plot of normalized oxide
thickness as a function ofthe square root ofnormalized oxidation time. When
the reaction is entirely diffusion limited. When
..L __t_
Xmax - tmax
the reaction is entirely interface reaction limited. The plot implies that at 1100°C, the
fluorinated oxidation rate of silicon carbide is close to being entirely interface reaction
limited which agrees with the fact that the film is thin and does not impede the diffusion of
oxygen to the SiC/Si02 interface.
At 1000°C, the growth rate (Fig. B-1) appears to be linear which implies that the
kinetics are under interface reaction control which again is consistent with thin film theory.
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The significant difference in oxidation rates is consistent with the fact that oxidation is an
activated process and is strongly dependent on temperature.
In suriunary, the oxidation ofepitaxially grown 3C-SiC (slow face) was shown to
be interface reaction limited at both 1100°C as well as IOOO°C under fluorinated
conditions. The significant difference in the oxidation rates between the two temperatures
is consistent with activated processes.
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Figure B-1: Plot ofoxide thickness as a function ofoxidation time for 3C-SiC (slow face)
oxidized in a fluorinated ambient (200 ppm NF3) at lOOO°C and 1100°C.
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Figure B-2: Plot ofthe natural log oxide thickness as a function ofthe natural log
oxidation time for 3C-SiC (slow face) oxidized in a fluorinated ambient (200 ppm NF3) at
1100°C. A slope of 1 implies an interface reaction controlled process while a slope of 1/2
implies a diffusion controlled process.
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Figure B-3: Plot ofthe normalized oxide thickness as a function ofthe nonnalized square
root of the oxidation time for 3C-SiC (slow face) oxidized in a fluorinated ambient (200
ppm NF3) at 1100°C. A slope of 1 implies a diffusion controlled pro~ess while a slope of
1/2 implies an interface reaction controlled process.
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